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57 ABSTRACT

A BRM changing circuit 4 that changes congestion infor-
mation of a BRM cell 1s disposed on the output side of a
down line (from the network side to the user side) of a cell
rate supervising apparatus. The BRM changing circuit 4
places an ACR value calculated by an ACR calculating
circuit 3 with congestion information (a CI bit, an NI bit, and
an ER area) in a BRM cell received from the network
through the down line to the ER area of the BRM cell. The

resultant BRM cell that has been changed by the BRM

changing circuit 4 i1s sent to the user side terminal unit
through the down line.

8 Claims, 8 Drawing Sheets
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1
CELL RATE SUPERVISING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a supervising apparatus of
an ABR (Available Bit Rate) network of an ATM transmis-
sion network, in particular, to a cell rate supervising appa-
ratus of ATM cells of an UNI (User-Network Interface) and
an NNI (Network Node Interface) of an ABR network.

2. Description of the Related Art

In recent years, as an important technology that accom-
plishes a B-ISDN (Broad-band Integrated Service Digital

Network), an ATM (Asynchronous Transfer Mode) 1is
becoming attractive.

In the ATM network, various service classes are defined
depending on transmission rates. Examples of the service
classes are a CBR (Constant Bit Rate) service, a VBR
(Variable Bit Rate) service, and a UBR (Unspecified Bit
Rate) service. In the CBR service, a predetermined fixed
transmission band 1s reserved for a connection between
terminal units so that the transmission rate 1s always con-
stant. In the VBR service, the transmission band 1s defined
with a parameter that 1s statistically represented and the
fransmission rate varies 1n a reserved band. In the UBR
service, no transmission band 1s specifically defined.
Recently, an ABR (Available Bit Rate) service is becoming
attractive. In the ABR service, no band 1s reserved. A
connection that uses the network shares a blank band. As the
transmission rate of the connection, an MCR (Minimum

Cell Rate) 1s assured. In the ABR service, the transmission
rate varies between the MCR and the PCR (Peak Cell Rate).

The ABR service 1s accomplished 1n such a manner that
a user terminal unit increases or decreases a cell transmis-
sion rate corresponding to congestion information that 1s fed
back from the network to the user terminal.

FIG. § 1s a schematic diagram for explaining the theory of
operation of the ABR service. In FIG. 5, reference numerals
6 and 8 are user terminal units (denoted by ES: End-
Systems). Reference numeral 7 1s a network unit such as a
switch (SW) or a cross connect unit (denoted by XC). A line
connected from the user terminal unit 6 to the user terminal
unit 8 1s referred to as an up line. A line connected from the
user terminal unit 8 to the user terminal unit 6 1s referred to
as a down line. When a data cell 1s sent from a particular
terminal unit to another terminal unit, the orientation of the
data cell 1s referred to as the forward direction. The reverse
direction 18 referred to as the backward direction. When a
data cell 1s sent from the user terminal unit 6 to the user
terminal unit 8, the direction of the up line is the forward
direction and the direction of the down line 1s the backward
direction. In contrast, when a data cell 1s sent from the user
terminal unit 8 to the user terminal unit 6, the direction of the
down line 1s the forward direction and the direction of the up
line 1s the backward direction.

Assuming that a data cell 1s sent from the terminal unit 6
to the terminal unit 8, the terminal unit 6 sends the cell to the
up line at an ACR (Allowed Cell Rate) or less. At this point,
one FRM (Forward-direction Resource Management) cell is
sent whenever Nrm (=32) cells are sent. The terminal unit 8
extracts an FRM cell from cells received through the up line
and sends a BRM (Backward-direction Resource
Management) cell that is the FRM cell sent back to the down
line to the terminal unit 6. At this point, the terminal unit 8
may place circuit information thereof as congestion infor-
mation 1n the BRM cell.
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The network unit 7 places congestion situation of the
network as congestion information in the FRM cell or BRM
cell. The terminal unit 6 extracts the congestion information
from the BRM cell received through the down line, changes
the ACR value thereof corresponding to the congestion
information, and sends a cell stream with the new ACR
value to the up line.

FIG. 6 1s a schematic diagram showing a cell format of an
RM cell. The cell format of the FRM cell 1s the same as the
cell format of the BRM cell. The FRM cell and the BRM cell
are 1 distinguished with a DIR (Direction) bit (where 0:
forward direction, 1: backward direction). A CI (Congestion
Identifier) bit, an NI (No-Increase) bit, and an ER (Explicit
Rate) area of the cell format can be used for congestion
information that the terminal unit 8 or the network unit 7
sends to the user terminal unit 6. When no congestion takes
place, the receiving terminal unit and the terminal unit can
set “0” to the CI bit. When congestion takes place, the
receiving terminal unit and the terminal unit can set “1” to
the CI bit. When the user terminal unit can increase the cell
transmission rate due to absence of congestion, the receiving
terminal unit and the network unit can set “0” to the NI bat.
When the user terminal unit cannot increase the cell trans-
mission rate due to presence ol congestion, the receiving
terminal unit and the network unit can set “1” to the NI bat.
When the network unit directly designates a real rate value
as the cell transmission rate of the user terminal unit, the
network unit can place the rate value to the ER area as an
explicit rate value. In the network unit such as an SW and an
XC, when “1” has been set to the CI bit of the FRM cell or
BRM cell received through the up line or the down line, “0”
cannot be set to the CI bit. Likewise, when “1” has been set
to the NI bit, “0” cannot be set to the NI bit.

The ABR service can be categorized as two types that are
a bmary mode and an ER mode depending whether the
network places congestion information to the CI bit, the NI
bit, or the ER area. In the binary mode, the network unit
places the congestion mnformation 1in only CI bit or NI bit and
the PCR 1n the ER area. In the ER mode, the network unit

places the calculated ER value 1n the ER area. Thus, in the
ER mode, the CI bit and the NI bit are not used.

The operation of the terminal unit that supports the ABR
service 1s provided as source operation provisions. The
update method of the allowed rate ACR value of the terminal
unit 1s provided whether the CI bit of the received BRM cell
1s 0 or 1, whether the NI bit 1s 0 or 1, whether or not there
1s information to be sent, and whether or not the BRM cell
1s received. Assuming that the ACR value at the present time
1s denoted by ACR__cur, the difference to the ACR_ cur 1s

finely provided. When the difference 1s denoted by 0ACK,
the ACR value 1s given by the following formula.

ACR=min(ACR__cur+0ACR, ER) (1)

The source operation provisions of the terminal unit support
both the binary mode and the ER mode (see “Traffic Man-
agement Specification,” The ATM Forum, Ver 4.0 R11,
March 1996, Paragraph 5.10.4, p. 45).

FIG. 7 1s a block diagram showing an example of the
structure of the terminal unit 6. The terminal unit 6 com-
prises a send data signal information source 9, a cell
assembling circuit 10, cell buffers 11 and 12, a cell disas-
sembling circuit 13, a BRM cell extracting circuit 14, an
FRM cell extracting circuit 15, an FRM cell creating circuit
16, a BRM cell creating circuit 17, and an RM cell 1nserting,
circuit 18. All cells received from the cell buffer 12 are
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disassembled by the cell disassembling circuit 13. The BRM
cell extracting circuit 14 detects a BRM cell corresponding
to the output signal of the cell disassembling circuit 13. The
BRM cell extracting circuit 14 overwrites the position of the

BRM cell with a bit pattern of a 1dle cell. The FRM cell
extracting circuit 15 detects an FRM cell and overwrites the
position of the FRM cell with a bit pattern of a 1dle cell. With
the output signal of the FRM cell extracting circuit 15, a

signal sequence of the received data can be obtained.
The BRM cell creating circuit 17 sets “1” to the DIR bit

of the bit pattern of the FRM cell extracted by the FRM cell
extracting circuit 15 and creates a BRM cell that 1s output

from the terminal unit 6 to the up line. The FRM cell
creating circuit 16 creates an FRM cell to be output from the
terminal unit 6 to the up line. The cell assembling circuit 10
assembles ATM cells with send data signal created by the
send data signal source 9. The RM cell inserting circuit 18
inserts the FRM cell created by the FRM cell creating circuit
16 and the BRM cell created by the BRM cell creating
circuit 17 in an ATM cell stream. Thus, the cell stream 18 sent
from the terminal unit 6 to the up line. The cell stream 1s
stored 1n the cell buffer 11.

An ACR calculating circuit 3 calculates a new ACR value
with the CI bit, the NI bit, and the ER value of the BRM cell
extracted by the BRM cell extracting circuit 14 correspond-
ing to the source operation provisions. The ACR value 1s
sent to the cell buffer 11. The cell buffer 11 sends a cell with
the ACR value or a smaller value. Thus, the cell transmission
rate of the up line of the terminal unit 6 satisfies the source
operation provisions.

However, when the ACR calculating circuit 3 or the cell
buffer 11 of a particular user terminal unit gets defective or
the user terminal 1s set so that the source operation provi-
sions thereof are not satisfied, if cells are sent at an excessive
transmission rate, the band of the user terminal unit 6
becomes excessively large. Thus, the bands of the other user
terminal units that comply with the source operation provi-
sions are restricted. Thus, an unfair situation takes place
between the violated terminal unit and the other terminal
units. In addition, the violated traffic of the violated terminal
unit may cause congestion in the network, resulting in
deteriorating the network quality. To prevent that, a cell rate
supervising apparatus that has a policing function that
supervises and controls whether each user terminal unit
sends cells 1n the range of the source operation provisions.

As policing calculating algorithms that supervise cell
rates in the CBR and VBR services, GCRA (Generic Cell
Rate Algorithm), VSA (Virtual Scheduling Algorithm), and
CSLBA (Continuous-State Leaky Bucket Algorithm) are
known. An UPC (Usage Parameter Control) unit supervises
an excessive traffic in the UNI (User-Network Interface)
with such an algorithbm. An NPC (Network Parameter
Control) unit supervises an excessive traffic in the network
with the NNI (Network-Node Interface).

Likewise, to supervise the cell rate of the ABR service,
DGCRA (Dynamic-GCRA) has been proposed as a policing
calculating algorithm.

In the ABR service network, to divide the network 1n the
middle thereof, a VS/VD (Virtual Source/Virtual
Destination) unit that is a virtual sending/receiving terminal

unit can be disposed (see “Traffic Management
Specification,” The ATM Forum, Ver. 4.0 R11, March 1996,

Paragraph 5.10.7, p. 48). The DGCRA can be used for
policing the cell tratfic of not only the user terminal unit, but
the VS/VD unait. In the following description, for simplicity,
the policing of the cell traffic of the user terminal unit will
be explained. However, this discussion i1s applied for the

case that the cell traffic of the VS/VD unit 1s policed.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 8 1s a block diagram showing an example of the
structure of a cell rate supervising apparatus with the
DGCRA. A DGCRA calculating circuit 1s disposed as a
policing calculating circuit 1. With the DGCRA calculating
circuit, the user terminal unit 6 polices cells to be sent to the
up line.

The DGCRA calculating circuit 1s composed of a policing,
rate PACR calculating circuit 20 and a rate comparing circuit
21. In FIG. 8, reference numeral 2 1s a BRM cell detecting
circuit. Reference numeral 3 1s an ACR calculating circuat.
Reference numeral 5 1s a non-conforming cell processing
circuit. Reference numerals 22 and 23 are BRM cells.
Reference numeral 23 1s a BRM cell 22 received by the cell
rate supervising apparatus 19 and sent to the terminal unit 6
through the down line. Thus, the BRM cell 22 1s the same
as the BRM cell 23. Reference numeral 24 1s a cell to be
policed.

When the cell rate supervising apparatus 19 receives a cell
from the down line, the cell rate supervising apparatus 19
sends the cell to the terminal unit 6 as 1t 1s. In addition, the
BRM cell detecting circuit 2 determines whether or not the
received cell 1s a BRM cell. When the received cell 1s a
BRM cell like the BRM cell 22, the ACR calculating circuit
3 calculates a new ACR value of the received cell with the
CI bat, the NI bit, and the ER value that are the congestion
information of the received cell. The policing rate PACR
calculating circuit 20 calculates the policing rate PACR with
the ACR value. The rate comparing circuit 21 compares the
PCAR value with the cell rate of the cell received by the
terminal unit 6 through the up line. When the transmission
rate of the cell 1s smaller than the PACR wvalue, the rate
comparing circuit 21 determines that the cell 1s a conforming
cell. In contrast, when the transmission rate of the cell 1s
larger than the PACR value, the rate comparing circuit 21
determines that the cell 1s a non-conforming cell. The
non-conforming cell processing circuit 5 passes a cell that
has been determined as a conforming cell by the rate
comparing circuit 21. The non-conforming cell processing
circuit 5 discards a cell that has been determined as a
non-conforming cell by the rate comparing circuit 21 or
places a tag thereto.

The ACR calculating circuit 3 calculates a new ACR

value with the CI bit, the NI bit, and the ER value of the
BRM cell 22. Likewise, the ACR calculating circuit 3 of the
terminal unit 6 calculates a new ACR value with the CI bat,
the NI bit, and the ER value of the BRM cell. Since the BRM
cell 22 has the same CI bit, NI bit, and ER value as those of
the BRM cell 23, the ACR value of the BRM cell calculated
by the ACR calculating circuit 3 in the cell rate supervising
apparatus 19 1s the same as the ACR value of the BRM cell
23 calculated by the terminal unit 6.

To determine whether or not the cell transmission rate of
the user terminal unit 6 1s a rate value within the ACR value
calculated by the user terminal unit 6, the cell rate super-
vising apparatus 19 applies the ACR value calculated by the
ACR calculating circuit 3 of the cell rate supervising appa-
ratus 19 to the policing rate PACR. After the BRM cell 23
sent from the cell rate supervising apparatus 19 to the down
line 1s received by the terminal unit 6, the ACR value 1s
changed. Assuming that time of which a cell 1s sent from the
terminal unit 6 to the up line with the new ACR value and
then received by the cell rate supervising apparatus 19 is
denoted by t2, to apply the ACR value calculated by the
ACR calculating circuit 3 of the cell rate supervising appa-
ratus 19 to the policing rate PACR, 1t 1s necessary to wait for
time t2 after the cell rate supervising apparatus 19 sends the

BRM cell 23. To calculate the PACR value considering time
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{2 of the policing rate PACR calculating circuit 20, methods
termed algorithm A and algorithm B have been proposed
(see “Traffic Management Specification,” The ATM Forum,
Ver. 4.0 R11, March 1996, Appendix III, p. 92).

When the related art reference shown 1 FIG. 8 1s applied
to the ABR service of the binary mode, 1f the BRM cell 23
1s discarded and thereby lost on the down line between the
cell rate supervising apparatus 19 and the terminal unit 6, the
ACR value calculated by the ACR calculating circuit 3 of the
cell rate supervising apparatus 19 does not match the ACR
value calculated by the terminal unit 6. Assuming that the
ACR value calculated by the ACR calculating circuit 3 of the
cell rate supervising apparatus 19 1s denoted by ACRp and
that the ACR value calculated by the terminal unit 6 is
denoted by ACRs, the relation of ACRp=ACRs 1is satisfied.
When the CI bit of the BRM cell 23 1s 1, the ACR
calculating circuit 3 of the cell rate supervising apparatus 19
decreases the ACRp. However, since the BRM cell 23 15 lost,
the congestion information of CI bit=1 i1s not sent to the
terminal unit 6. In the terminal unit 6, ACRSs 1s not changed
and the situation of ACRP<ACRs takes place.

In the binary node, since only relative congestion infor-
mation of one bit 1s sent, the situation of which ACRP does
not match ACRs continues until both the values of ACRP
and ACRs become MCR or PCR.

Thus, there 1s a difference between the policing rate PACR
of the cell rate supervising apparatus 19 and the cell trans-
mission rate of the terminal unit 6. Consequently, the cell
rate supervising apparatus 19 cannot accurately police cells.
For example, when ACRp<ACRs, since the policing rate
PACR of the cell rate supervising apparatus 19 1s smaller
than the cell transmission rate of the terminal unit 6, the cell
rate supervising apparatus 19 may treat a cell to be deter-
mined as a conforming cell as a non-conforming cell. Thus,
the terminal unit 6 has a disadvantage. In contrast, when
ACRp>ACRS, since the policing rate PACR of the cell rate
supervising apparatus 19 1s larger than the cell transmission
rate of the terminal unit 6, the policing calculating circuit 1
may treat a cell to be determined as a non-conforming cell
as a conforming cell. Thus, the network has a disadvantage.

This situation continues until the values of ACRp and ACRs
become MCR or PCR.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a cell rate
supervising apparatus for use with an ABR service of a
binary mode and for allowing the policing rate thereof to
match an ACR value calculated by a user terminal unit so as
to normally police a cell and solve a disadvantage of the user
or the network even it a BRM cell 1s lost between the cell
rate supervising apparatus and the user terminal unit on a
down line and thereby there 1s a difference between the rate
value used as the policing rate 1n the cell rate supervising,
apparatus and the ACR value calculated by the user terminal
unit and the user or the network has a disadvantage.

A first aspect of the present mvention 1s a cell rate
supervising apparatus for use with an ABR (Available Bit
Rate) service of an ATM (Asynchronous Transfer Mode)
network, comprising a policing calculating circuit for polic-
ing a cell traffic of a up line connected from the user side to
the network side, a BRM cell detecting circuit for detecting
a BRM (Backward direction Resource Management) cell on
a down line connected from the network side to the user side,
an ACR calculating circuit for calculating a rate value ACRp
(Allowed Cell Rate) with a rate value of a CI (Congestion
[dentification) bit, an NI (No-Increase) bit, and an ER

(Explicit Rate) area that are congestion information received
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from the BRM cell detecting circuit when the BRM cell
detecting circuit detects the BRM cell, a BRM cell changing
circuit for overwriting the ER area of the BRM cell detected
by the BRM cell detecting circuit with the rate value ACRp
calculated by the ACR calculating circuit and sending cells
including the overwritten BRM cell to the user terminal
through the down line, and a non-conforming cell process-
ing circuit for performing a predetermined process for a
non-conforming cell as a result of the policing calculation of
the policing calculating circuit, wherein the policing calcu-

lating circuit determines a policing rate PACR (Policing
Allowed Cell Rate) value with the ACRp value.

The cell rate supervising apparatus according to the
present invention places a rate value in an ER area of a BRM
cell sent to a down line. The rate value 1s used to calculate
a policing rate PACR value of the cell rate supervising
apparatus. The cell rate supervising apparatus has a BRM
cell changing circuit that overwrites congestion information
of the CI bit, the NI bit, and the ER area of an BRM cell sent
from the cell rate supervising apparatus to the user terminal
unit through the down line.

The rate value calculated by the ACR calculating circuit
of the cell rate supervising apparatus depends on the con-
gestion state of the network. When the rate value 1s placed
in the ER area of the BRM cell sent from the cell rate
supervising apparatus, a virtual ER value can be sent to the
us terminal unit 1n addition to one bit information of the CI
bit and the NI bit as congestion information. In other words,
in the user terminal unit, the ER area of the BRM cell seems
as the ER value placed by a network unit such as an SW and
an XC. Thus, the region from the cell rate supervising
apparatus to the user terminal unit can be virtually treated as

an ABR service of the ER mode.

Assuming that a terminal unit 1s disposed on the user side,
that the ACR value calculated by the ACR calculating circuit
1s denoted by ACRp, that the new ACR value calculated in
the terminal unit 1s denoted by ACRs, and that the current
ACR value 1n the terminal unit 1s denoted by ACRs__cur, the
relation of ACRs=min(ACR__cur+0ACR, ACRP) is satis-
fied with the formula (1). Since ACRs cur+0ACR and
ACRP are calculated corresponding to the source operation
provisions, normally both the valued are equal. Thus, the

relation of ACRp=ACRs 1s satisfied.

Evenif a BRM cell 1s lost in a region between the cell rate
supervising apparatus and the user terminal unit on the down
line and thereby the situation of which ACRp does not match
ACRs takes place, when ACRp 1s smaller than the rate
control result (ACRs__cur+0 ACR) with the CI bit and the NI
bit of the next BRM cell, the relation of ACRs=ACRp 1s
obtained. In other words, when ACRp 1s smaller than the rate
control result (ACRs__cur+0ACR) with the CI bit and the NI
bit, the situation of which ACRp does not match ACRs can
be solved by the next BRM cell. Thus, the conventional
problem of the structure shown 1n FIG. 8 of which such a
situation 1s not solved until both ACRP and ACRs becomes
PCR or MCR does not take place.

Thus, even 1f the user side or the network side has a
disadvantage due to the situation of which the policing rate
PACR of the cell rate supervising apparatus does not match
the cell transmission rate of the terminal unit, a BRM cell
preceded by the lost BRM cell may allow the PACR to
match the cell transmission rate of the user terminal unait.
Thus, the situation of the related art reference shown 1n FIG.
8 which the user or network has a disadvantage that con-
tinues until both ACRP and ACRs become MCR or PCR can

be suppressed.
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For example, assuming that ACRp=ACRs=50 Mbps and
a BRM cell of which CI bit=1 1s received by the cell rate

supervising apparatus causes ACRP to become 40 Mbps, 1t
the BRM cell 1s lost 1n a region between the cell rate

supervising apparatus and the user terminal unit on the down
line, ACRp becomes 40 Mbps and ACRs becomes 50 Mbps.
Thus, the situation of which ACRP does not match ACRs
takes place. Assuming that the next BRM cell of which CI
bit=1 causes ACRp to become 30 Mbps, when the BRM cell
1s received by the user terminal unit, the rate value of 30
Mbps placed in the ER area causes ACRP (=30 Mbps) to
become ACRs (=30 Mbps).

A second aspect of the present mvention 1s a cell rate
supervising apparatus for use with an ABR service of an
ATM network, comprising a policing calculating circuit
using DGCRA and 1s composed of an algorithm A calcu-
lating circuit and a rate comparing circuit, a non-conforming
cell processing circuit, a BRM cell detecting circuit, an ACR
calculating circuit, and an ER area changing circuit, wherein
the BRM cell detecting circuit identifies the connection
number of a cell recerved on a down line with the cell header
and payload portion of the cell, determines whether or not
the cell 1s a BRM cell, reads an CI bit, an NI bit, and an ER
areca of the received cell when the cell 1s the BRM cell,
outputs resultant signals to the ACR calculating circuit, and
outputs the cell received on the down line to the ER area
changing circuit as 1t 1s, wherein the ACR calculating circuit
calculates an ACR value of the connection of a cell to be
policed and passed through the cell rate supervising appa-
ratus corresponding to predetermined source operation pro-
visions provided i “Traffic Management Specification,”
The ATM Forum, Ver 4.0 R11 or a rate control portion
thereof, calculates the ACR value of the connection number
of the BRM cell with the CI bit, NI bit, and ER area of the
cell when the cell detected by the BRM cell detecting circuit
is a BRM cell, and outputs the calculated ACR value,
wherein the ER area changing circuit sends a cell recerved
from the BRM cell detecting circuit 1n such a manner that
cell intervals at the time that the BRM cell was received by
the BRM cell detecting circuit are kept and that the header
portion and the payload portion of the cell are not changed,
creates the BRM cell of which the ACR value of the
connection of the BRM cell received from the ACR calcu-
lating circuit to the ER area of the BRM cell only when the
cell recerved from the BRM cell detecting circuit is the BRM
cell, and sends the resultant BRM cell to the source side
terminal unit through the down line, wherein the algorithm
A calculating circuit stores time tb of which the BRM cell 1s
sent from the ER area changing circuit to the down line and
the ACR value placed in the ER area of the BRM cell and
calculates a policing rate value PACR of the connection of
the received cell with the stored tb and ACR value when the
cell 1s received by the rate comparing circuit through the up
line, wherein the rate comparing circuit receives the cell
from the up line, 1dentifies the connection number with the
cell header of the cell, detects the cell rate of the connection
with the cell intervals of the received cells of the connection,
compares the cell rate with the policing rate value PACR
calculated by the algorithm A calculating circuit, determines
that the received cell 1s a conforming cell when the cell rate
1s smaller than PACR, and determines that the received cell
1s a non-conforming cell when the cell rate 1s larger than
PACR, and wherein the non-conforming cell processing
circuit sends the cell to the network unit through the up line
when the determined result of the rate comparing circuit 1s
a conforming cell, changes the value of the CI bit of the cell
to “17, places a tag to the cell, and sends the resultant cell
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to the network unit through the up line or discards the cell
and sends a 1dle cell or the like to the network unit through
the up line when the determined result of the rate comparing
circuit 1s a non-conforming cell.

A third aspect of the present mvention 1s a cell rate
supervising apparatus of the second aspect, further compris-
ing an algorithm B calculating circuit, and a CI bit, NI bat,
and ER area changing circuit, wherein the algorithm B
calculating circuit and the CI bit, NI bit, and ER area
changing circuit are disposed instead of the algorithm A
calculating circuit and the ER area changing circuit,
respectively, wherein the algorithm B calculating circuit
calculates a policing rate PACR value of the connection of
a BRM cell with time tb of which the BRM cell is sent from
the CI bit, NI bit, and ER area changing circuit to the down
line and the ACR value overwritten to the ER area of the
BRM cell, stores the policing value PACR of each
connection, reads the PACR value of the connection from
the stores PACR values, and sends the obtained PACR value
to the rate comparing circuit, and wherein the CI bit, NI bat,
and ER area changing circuit sends a cell to the down line
in such a manner that cell intervals at the time that the BRM
cell was received by the BRM cell detecting circuit 2 are
kept and that the header portion and payload portion of the
cell are not changed, overwrites the ACR value of the
connection of the BRM cell received from the ACR calcu-
lating circuit to the ER area of the BRM cell, forcedly places
“0” to both or either the CI bit or the NI bit, and sends the
resultant BRM cell to the source side terminal unit.

These and other objects, features and advantages of the
present invention will become more apparent in light of the
following detailed description of best mode embodiments

thereof, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing the structure of a cell
rate supervising apparatus according to a first embodiment
of the present invention;

FIG. 2 1s a block diagram showing the structure of a cell
rate supervising apparatus according to a second embodi-
ment of the present invention;

FIG. 3 1s a block diagram showing the structure of a cell
rate supervising apparatus according to a third embodiment
of the present invention;

FIG. 4 1s a schematic diagram for explaining the case that
a VS/VD unit 1s disposed according to the present invention;

FIG. 5 1s a schematic diagram for explaining a feedback
method of congestion information from a network to a send
termination unit in an ABR service;

FIG. 6 1s a schematic diagram showing a cell format of an
RM cell in the ABR service;

FIG. 7 1s a block diagram showing an example of the
structure of a sending/receiving terminal unit 1n the ABR
service; and

FIG. 8 1s a schematic diagram for explaining an example
of the structure of a cell rate supervising apparatus of a
related art reference.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Next, with reference to the accompanying drawings, an
embodiment of the present invention will be described.

FIG. 1 1s a block diagram showing the structure of a cell
rate supervising apparatus according to a first embodiment
of the present invention.
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A cell rate supervising apparatus 25A according to the
embodiment of the present invention comprises a policing
calculating circuit 1, a BRM cell detecting circuit 2, an ACR
calculating circuit 3, a BRM cell changing circuit 4, and a
non-conforming cell processing circuit 5. The policing cal-
culating circuit 1 polices a cell traffic on a up line (from the
user side to the network side). The BRM cell detecting
circuit 2 detects a BRM cell on a down line (from the
network side to the user side). The ACR calculating circuit
3 calculates a rate value ACRp corresponding to congestion
information with a CI bit, an NI bit, and an ER area of the
BRM cell received from the BRM cell detecting circuit 2.
The BRM cell changing circuit 4 places any rate value 1n the
ER area of the BRM cell. The non-conforming cell process-
Ing circuit 5 processes a non-conforming cell.

When the BRM cell detecting circuit 2 receives a cell
through the down line, it checks the header portion and
payload portion of the cell and determines whether or not the
cell 1s a BRM cell. When the received cell 1s a BRM cell, the
ACR calculating circuit 3 calculates a rate value ACR with
the CI bit, the NI bit, and the ER area of the BRM cell. The
ACR calculating circuit 3 supplies the rate value ACR to the
policing calculating circuit 1 and the BRM cell changing,
circuit 4.

The BRM cell changing circuit 4 overwrites the ER area
of the payload portion of the BRM cell detected by the BRM
cell detecting circuit 2 with the ACR value received from the
ACR calculating circuit 3. The BRM changing circuit 4
sends a cell stream including the BRM cell of which the ER
arca has been overwritten with the ACR value to the user
terminal unit through the down line while cell intervals at the
fime that the BRM cell was received by the BRM cell

detecting circuit 2 are kept.

The policing calculating circuit 1 determines the policing
rate PACR values with the ACR value and performs a
policing calculation for the received cell so as to determine
whether the received cell 1s a conforming cell or a non-
conforming cell. The non-conforming cell processing circuit
S5 performs a discarding and tag-placing process for the
non-conforming cell.

FIG. 2 1s a block diagram showing the structure of a cell
rate supervising apparatus according to a second embodi-
ment of the present invention.

A cell rate supervising apparatus 25B according to this
embodiment comprises a policing calculating circuit 1, a
non-conforming cell processing circuit 5, a BRM cell detect-
ing circuit 2, an ACR calculating circuit 3, and an ER area
changing circuit 27. The policing calculating circuit 1 uses
DGCRA and 1s composed of an algorithm A calculating
circuit 26 and a rate comparing circuit 21. The algorithm A

calculating circuit 26 1s described 1n “Traffic Management
Specification,” The ATM Forum, Ver 4.0 R11, March 1996,

Appendix III, p. 92.

The BRM cell detecting circuit 2 1dentifies the connection
number of a cell received through the down line with the cell
header and payload portion of the cell and determines
whether or not the cell 1s a BRM cell. When the received cell
1s a BRM cell, the BRM cell detecting portion 2 reads the CI
bit, NI bit, and ER area of the cell and outputs resultant
signals to the ACR calculating circuit 3. On the other hand,
the BRM cell detecting circuit 2 outputs a cell received
through the down line to the ER area changing circuit 27 as
it 1s.

The ACR calculating circuit 3 calculates the ACR value of
the connection of a cell to be policed and passed through the
cell rate supervising apparatus corresponding to the source
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operation provisions provided 1 “Trafic Management
Specification,” The ATM Forum, Ver 4.0 R11 or the rate
control portion thercof. When the cell type signal deter-
mined by the BRM cell detecting circuit 2 1s a BRM cell, the
ACR calculating circuit 3 calculates the ACR value of the

connection number of the BRM cell with the CI bit, NI bat,
and ER area thereof.

The ER area changing circuit 27 sends a cell received
from the BRM cell detecting circuit 2 to the down line 1n
such a manner that cell intervals at the time that the BRM
cell was received by the BRM cell detecting circuit 2 are
kept and that the header portion and payload portion of the
cell are not changed. Only when the cell 1s a BRM cell, the
ER area changing circuit 27 creates a BRM cell 28 of which
the ER area of the BRM cell 1s overwritten with the ACR
value of the connection of the BRM cell received from the
ACR calculating circuit 3 and sends the BRM cell 28 to the

source side terminal unit through the down line.

The algorithm A calculating circuit 26 stores time tb of
which a BRM cell 1s sent from the ER area changing circuit
27 through the down line. In addition, the algorithm A
calculating circuit 26 stores an ACR value placed in the ER
arca of the BRM cell. When the BRM detecting circuit 2
receives a cell through the down line, the ACR calculating
circuit 3 calculates the policing rate value PACR corre-

sponding to the connection of the received cell with the
stored tb and ACR values.

The rate comparing circuit 21 receives a cell from the up
line and 1identifies the connection number with the cell
header of the cell. The rate comparing circuit 21 detects the
cell rate of the connection corresponding to the cell intervals
of the received cells, compares the cell rate with the policing
rate value PACR calculated by the algorithm A calculating
circuit 26. When the cell rate 1s smaller than the PACR, the
rate comparing circuit 21 determines that the received cell 1s
a conforming cell. When the cell rate 1s larger than the
PACR, the rate comparing 21 determines that the received
cell 1s a non-conforming cell.

When the determined result of the rate comparing circuit
21 1s a conforming cell, the non-conforming cell processing
circuit 5 sends the cell to the network unit through the up
line. When the determined result of the rate comparing
circuit 21 1s a non-conforming cell, the non-conforming cell
processing circuit 5 changes the values of the CI bit of the
cell to “1” and places a tag to the cell and sends the resultant
cell to the network unit through the up line. Alternatively, the
non-conforming cell processing circuit 5 discards the cell
and sends a 1dle cell or the like 1nstead thereof to the network
unit through the up line.

FIG. 3 1s a block diagram showing the structure of a cell
rate supervising apparatus according to a third embodiment
of the present invention.

A cell rate supervising apparatus 25C according to this
embodiment comprises a policing calculating circuit 1, a
non-conforming cell processing circuit 5, a BRM cell detect-
ing circuit 2, an ACR calculating circuit 3, and a CI bat, NI
bit, and ER area changing circuit 31. The policing calculat-
ing circuit 1 uses DGCRA and 1s composed of an algorithm
B calculating circuit 30 and a rate comparing circuit 21. The
algorithm B calculating circuit 30 1s described 1n “Traffic

Management Specification,” The ATM Forum, Ver 4.0 R11,
March 1996, Appendix III, p. 92.

The operations of the BRM cell detecting circuit 2, the
ACR calculating circuit 3, the rate comparing circuit 21, and
the non-conforming cell processing circuit 5 of the third
embodiment are the same as those of the second embodi-
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ment shown 1n FIG. 2. The algorithm B calculating circuit
30 calculates the policing rate PACR value of the connection
of the cell with time tb of which a BRM cell 1s sent from the
CI bit, NI bit, and ER area changing circuit 31 to the down
line and the ACR value that 1s overwritten to the ER area of <
the BRM cell and stores the policing rate value PACR value
of each connection. The BRM cell detecting circuit reads the
PACR value of the connection of a received cell from the

stored PACR values and sends the obtained PACR value to
the rate comparimg circuit 21.

As a feature of the third embodiment, the CI bit, NI bat,
and ER area changing circuit 31 sends a cell received from
the BRM cell detecting circuit 2 in such a manner that cell
intervals at the time that the BRM cell was received by the
BRM cell detecting circuit 2 are kept and that the header
portion and payload portion of the cell are not changed.
However, only when the cell 1s a BRM cell, the ACR value
of the connection of the BRM cell received from the ACR
calculating circuit 3 1s overwritten to the ER area of the
BRM cell. In addition, “0” 1s forcedly set to both or either
the CI bit or the NI bit. The BRM cell 1s sent to the source
side terminal unit through the down line. Thus, both or either
the CI bit or the NI bit of the BRM cell 32 received from the

CI bat, NI bit, and ER area changing circuit 31 1s always “0.”

Next, with reference to FIG. 4, the feature of the third
embodiment will be described.

In FIG. 4, a VS/VD (Virtual Source/Virtual Destination)
unit 33 is disposed between the user terminal unit (ES1) 6
and the cell rate supervising apparatus (UPC) 25C. Thus, the
network 1s separated into a control loop A that controls a
region between the user terminal unit 6 and the VS/VD unit
33 and a control loop B that controls a region between the
VS/VD unit 33 and the network unit. Now, it 1s assumed that
congestion takes place in the control loop B and that since
the congestion 1s very slight, the VS/VD unit 33 absorbs the
congestion, and that the congestion 1information 1s not sent
to the user terminal unit 6.

In addition, 1t 1s assumed that the VS/VD unit 33 places
information of the CI bit and NI bit of the BRM cell 32 of

the control loop B to the CI bit and NI bit of the BRM cell
34 to be sent to the control loop A as it 1s.

Assuming that congestion information CI bit=1 has been
placed 1n the BRM cell, since congestion information CI
bit=1 1s placed in the BRM cell 34, even 1 it 1s not necessary
to send the congestion miormation CI bit 1 to the user
terminal 6, the congestion information CI bit=1 1s sent to the
user terminal unit 6. Thus, since the user terminal unit 6
decreases the cell transmission rate, the throughput of the
user terminal unit 6 does not rise and thereby the transmis-
sion eificiency deteriorates. The deterioration of the trans-
mission efficiency also takes place when “1” as congestion
information 1s placed in the NI bat.

However, when the cell rate supervising apparatus 25C
sets “0” to the CI bit and NI bit and thereby the congestion
information of the BRM cell 32 1s only the ER area, even 1t
the CI bit and NI bit of the BRM cell 34 are “0,” the
congestion miormation 1s only the ER area. Thus, conges-
tion information of CI bit=1 and NI bit=1 1s not unneces-
sarily sent to the user terminal unit 6. Consequently, the
transmission eificiency of the user terminal unit 6 does not
deteriorate.

In addition to DGCRA of which the algorithms A and B
are used as the cell rate supervising method of the policing
calculating circuit 1, the present invention can be applied to
DGCRA that uses an algorithm other than the algorithms A
and B and to the cell rate supervising system other than

DGCRA.
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As described above, according to the present invention, in
the ABR service of the binary mode, even 1f a BRM cell 1s
lost In a region on a down line between the cell rate
supervising apparatus and the user terminal unit and thereby
the policing rate value PACR of the cell rate supervising
apparatus does not match the cell rate of the user terminal
unit, the next BRM cell may allow the policing rate value
PACR of the cell rate supervising apparatus to match the cell
rate of the user terminal unit.

Thus, 1n the ABR service of the binary mode, the disad-
vantage of the network unit or the user terminal unit due to
the situation of which an BRM cell 1s lost can be suppressed.
Consequently, the transmission efficiency of the ABR ser-
vice of the binary mode can be increased and the charging
operation can be more accurately performed.

This 1s because absolute congestion information that 1s the
ACR value calculated 1n the cell rate supervising apparatus
1s placed i the BRM cell and sent to the user terminal unit
as well as relative congestion information that 1s the CI bait
and NI bit. Thus, even if the ACR value calculated in the
user terminal does not match the ACR value of the cell rate
supervising apparatus due to the situation of which the BRM
cell 1s lost, the absolute congestion information allows the
ACR value of the user terminal unit to match the ACR value
of the cell rate supervising apparatus. Thus, even 1if the
policing rate becomes smaller than the cell transmission rate
of the user terminal unit due to the situation of which the
BRM cell 1s lost and thereby it 1s likely that the user is
excessively charged, when the policing rate can be matched
with the cell transmission rate, the number of non-
conforming cells can be decreased. Consequently, the user
can be suppressed from being excessively charged.

In addition, since a non-conforming cell can be discarded,
the re-transmission of packets such as an IP packet can be
suppressed. Thus, the mnformation transmission eificiency
can be prevented from decreasing.

Although the present invention has been shown and
described with respect to best mode embodiments thereof, 1t
should be understood by those skilled 1n the art that the
foregoing and various other changes, omissions, and addi-
tions 1n the form and detail thereof may be made therein
without departing from the spirit and scope of the present
invention.

What 1s claimed 1s:

1. A cell rate supervising apparatus for use with an ABR
(Available Bit Rate) service of an ATM (Asynchronous

Transfer Mode) network comprising:

a policing calculating circuit for policing a cell traffic of
an up line connection from the user side to the network
side;

a BRM cell detecting circuit for detecting a BRM
(Backward Direction Resource Management) cell on a
down line connection from the network side to the user
side;

an ACR calculating circuit for calculating a rate value
ACRP (Allowed Cell Rate) with a rate value of a CI
(Congestion Identification) bit, an NI (No-increase) bit,
and an ER (Explicit Rate) area that are congestion
information received from said BRM cell Detecting,

circuit when said BRM cell detecting circuit detects the
BRM cell;

a BRM cell changing circuit for overwriting the ER area
of the BRM cell detected by said BRM cell detecting
circuit with the rate value ACRp calculated by said
ACR calculating circuit and sending cells including the
overwritten BRM cell to the user terminal through the
down line; and
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a non-conforming cell processing circuit for receiving the
cell from said policing calculating circuit for perform-
ing a discarding and tag placing and for sending a
confirming cell to the up line connection as a result of
the policing calculation of said policing calculating
circuit,

wherein said policing calculating circuit determines a
policing rate PACR (Policing Allowed Cell Rate) value
with the ACRp value, the ACR value and performs a
policing calculation for the received cell so as to
determine whether a received cell 1s a conforming or
non-conforming cell.

2. The cell rate supervising apparatus as set forth 1n claim

wherein said BRM cell changing circuit sets “0” to both
or either the CI bit or the NI bit of the BRM cell.
3. The cell rate supervising apparatus as set forth 1n claim

wherein said non-conforming cell processing circuit per-
form a discarding and tag-placing process for the
non-conforming cell when the received cell 1s a non-
conforming cell at said policing calculating circuat.

4. A cell rate supervising apparatus for use with an ABR

(Available Bit Rate) service of an ATM network, compris-
Ing:

a policing calculating circuit using DGCRA (Dynamic
Generic Cell Rate Algorithm) which is composed of an
algorithm a calculating circuit and a rate comparing
circuit;

a non-conforming cell processing circuit;

a BRM (Backward Resource Management) cell detecting
circuit;

an ACR (Allowed Cell Rate) calculating circuit; and

an ER (Explicit Rate) area changing circuit,

wherein said BRM cell detecting circuit identified the
connection number of a cell received on a down line 1n
response to the cell header and payload portion of the
cell, determines whether or not the cell 1s a BRM cell,
reads an CI(Congestion Identification) bit, an NI (No-
increase) bit, and an ER area of the received cell when
the cell 1s the BRM cell, outputs resultant signals to
saidd ACR calculating circuit, and outputs the cell
received on the down line to said ER area changing
circuit as it 1s;

wherein said ACR calculating circuit calculates an ACR
value of the connection of a cell to be policed and
passed through the cell rate supervising apparatus cor-
responding to predetermined source operation provi-
sions provided 1n A “Trafic Management
Specification,” The ATM Forum, Ver 4.0 R11 or a rate
control portion thereof, calculates the ACR value of the
connection number of the BRM cell with the CI bit, and
ER area of the cell when the cell detected by said BRM

cell detecting circuit 1s a BRM cell, and outputs the
calculated ACR value;

wherein said ER area changing circuit sends a cell
received from said BRM cell detecting circuit in a
manner which retains cell intervals occurring at the
time that the BRM cell was received by said BRM cell
detecting circuit and retains unchanged the header
portion and the payload portion of the cell, creates the
BRM cell of which the ACR value of the connection of
the BRM cell received from said ACR calculating
circuit to the ER area of the BRM cell only when the
cell recerved from said BRM cell detecting circuit 1s the
BRM cell, and sends the resultant BRM cell to a source
side terminal unit through the down line;
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wherein said algorithm A calculating circuit stores A time
signal tb which indicates when the BRM cell 1s sent
form said ER area changing circuit to the down line and
the ACR value 1s placed 1n the ER area of the BRM cell
and calculates a policing rate value PACR (Policing
Allowed Cell Rate) of the connection of the received
cell with the stored signal tb and ACR value when the
cell 1s received by said rate comparing circuit through
an up line;

wherein said rate comparing circuit receives the cell from
the up line, 1dentifies the connection number from the
cell header of the cell, detects the cell rate of the
connection with the cell intervals of the received cells
of the connection, compares the cell rate with the
policing rate value PACR calculated by said algorithm
A calculating circuit,, determines that the received cell
1s a conforming cell when the cell rate 1s smaller than
PACR, and determines that the received cell 1s a

non-conforming cell when the cell rate 1s larger than
PACR;

wherein said non-conforming cell processing circuit for
receiving the cell from said policing calculating circuit
sends the cell to the network unit through the up line
when the determined result of said rate comparing
circuit 1s a conforming cell, changes the value of the CI
bit of the cell to “17, places a tag to the cell, and sends
the resultant cell to the network unit through the up line
or discards the cell and sends a 1dle cell or the like to
the network unit through the up line when the deter-
mined result of said rate comparing circuit 1s a non-
conforming cell.

5. A cell rate supervising apparatus for use with an ABR

(Available Bit Rate) service of an ATM network, compris-
Ing:

a policing calculating circuit using DGCRA (Dynamic
Generic Cell Rate algorithm) which 1s composed of an
algorithm A calculating circuit and a rate comparing,
CIrcuit;

a non-conforming cell processing circuit;

a BRM (Backward Resource Management) cell detecting
circuit;

an ACR (Allowed Cell Rate) calculating circuit; and

an ER (Explicit Rate) area changing circuit,

wherein said BRM cell detecting circuit identifies the
connection number of a cell received on a down line 1n
response to the cell header and payload portion of the
cell, determines whether or not the cell 1s a BRM cell,
reads an CI (Congestion Identification) bit, an NI
(No-increase) bit, and an ER area of the received cell
when the cell 1s the BRM cell, outputs resultant signals
to said ACR calculating circuit, and outputs the cell
received on the down line to said ER area changing
circuit as 1t 1s;

wherein said ACR calculating circuit calculates an ACR
value of the connection of a cell to be policed and
passed through the cell rate supervising apparatus cor-
responding to predetermined source operation provi-
sions provided 1n the “Trafhic Management
Specification,” The ATM Form, Ver 4.0 R11 or a rate
control portion thereof, calculates the ACR value of the
connection number of the BRM cell with the CI bit, NI
bit, and ER area of the cell when the cell detected by

saird BRM cell detecting circuit 1s a BRM cell, and
outputs the calculated ACR value;

wherein said CI bit, NI bit, and ER area changing circuit
sends a cell to the down line 1n such a manner which
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retains cell intervals at the time that the BRM cell was
received by the BRM cell detecting circuit 2 and retains
unchanged the header potion and payload portion of the
cell, overwrites the ACR value of the connection of the
BRM cell recerived from said ACR calculating circuit to

the ER area of the BRM cell, forcedly places “0” 1n to
both or either the CI bit or the NI bit, and sends the

resultant BRM cell to the source side terminal unait;

wherein said algorithm A calculating circuit calculates a
policing rate PACR value of the connection of a BRM
cell with the time signal tb of which the BRM cell 1s
sent from said CI bit, NI bit, and ER area changing
circuit to the down line and the ACR value 1s over-
written to the ER area of the BRM cell, stores the
policing value PACR of each connection, reads the
PACR value of the connection from the stores PACR
values, and sends the obtained PACR value to said rate
comparing circuit;

wherein said rate comparing circuit receives the cell from
the up line, identifies the connection number with the
cell header of the cell, detects the cell rate of the
connection with the cell intervals of the received cells
of the connection, compares the cell rate with the
policing rate value PACR calculated by said algorithm
A calculating circuit, determines that the received cell
1s a conforming cell when the cell rate 1s smaller than
PACR, and determines that the received cell 1s a

non-conforming cell when the cell rate 1s larger than
PACR, and

wherein said non-conforming cell processing circuit
receives the cell from said policing calculating circuit
and sends the cell to the network unit through the up
line when the determined result of said rate comparing
circuit 1s a conforming cell, changes the value of the CI
bit of the cell to “17, places a tag 1n the cell, and sends
the resultant cell to the network unit through the up line
or discards the cell and sends a 1dle cell or the like to
the network unit through the up line when the deter-
mined result of said rate comparing circuit 1S a non-
conforming cell.
6. A cell rate supervising apparatus for use with an ABR
(Available Bit Rate) service of an ATM network, compris-
Ing:

a policing calculating circuit using DGCRA (Dynamic
Generic Cell Rate Algorithm) which is composed of an
algorithm B calculating circuit and a rate comparing
circuit;

a non-conforming cell processing circuit;

a BRM (Backward Resource Management) cell detecting
circuit;

an ACR (Allowed Cell Rate) calculating circuit; and

an ER (Explicit Rate) area changing circuit;

wherein said BRM cell detecting circuit identifies the

connection number of a cell received on a down line
with the cell header and payload portion of the cell,
determines whether or not the cell 1s a BRM cell, reads
an CI (Congestion Identification) bit, an NI (No-
Increase) bit, and an ER area of the received cell when
the cell 1s the BRM cell, outputs resultant signals to
said ACR calculating circuit, and outputs unchanged
the cell received on the down line to said ER are
changing circuit [as it 1s;

wherein said ER area changing circuit sends a cell
received from said BRM cell detecting circuit in a
manner that retains cell intervals existing at the time
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that the BRM cell was received by said BRM cell
detecting circuit and retains unchanged the header
portion and the payload portion of the cell, creates the
BRM cell of which the ACR value of the connection of
the BRM cell received from said ACR calculating
circuit to the ER area of the BRM cell only when the
cell received from said ACR calculating circuit to the
ER area of the BRM cell only when the cell received
from said BRM cell detecting circuit 1s the BRM cell,
and sends the resultant BRM cell to the source side
terminal unit through the down line;

wherein said algorithm B calculating circuit stores time tb
of which the BRM cell 1s sent from said ER area
changing circuit to the down line and the ACR value
placed 1n the ER are of the BRM cell and calculates a
policing rate value PACR (Policing Allowed Cell Rate)
of the connection of the received cell with a stored
signal tb and ACR value when the cell 1s received by
said rate comparing circuit through the up line;

wherein said rate comparing circuit receives the cell from
an up line, 1dentifies the connection number with the
cell header of the cell, detects the cell rate of the
connection with the cell intervals of the received cells
of the connection, compares the cell rate with the
policing rate value PACR calculating by said algorithm
B calculating circuit, determines that the received cell
1s a conforming cell when the cell rate 1s smaller than
PACR, and determines that the received cell 1s a

non-conforming cell when the cell rate 1s larger than
PACR; and

wherein said non-conforming cell processing circuit
receives the cell from said policing calculating circuit
for discarding and tag placing and sends the cell to the
network unit through the up line when the determined
result of said rate comparing circuit 1s a conforming
cell, changes the value of the CI bit of the cell to “17,
places a tag into the cell, and sends the resultant cell to
the network unit through the up line or discards the cell
and sends a 1dle cell or the like to the network unit
through the up line when the determined result of said
rate comparing circuit 1s a non-conforming cell.

7. A cell rate supervising apparatus for use with and ABR
(Available Bit Rate) service of an ATM network, compris-
Ing:

a policing calculating circuit using DGCRA (Dynamic
Generic Cell Rate Algorithm) which is composed of an
algorithm B calculating circuit and a rate comparing
circuit;

a non-conforming cell processing circuit;

a BRM (Backward Resource Management) cell detecting
circuit;

an ACR (Allowed Cell Rate) calculating circuit; and

an ER (Explicit Rate) area changing circuit;

wherein said BRM cell detecting circuit identifies the
connection number of a cell received on a down line 1n
response to a cell header and payload portion of the
cell, determines whether or not the cell 1s a BRM cell,
reads an CI (Congestion Identification) bit, an NI
(No-Increase) bit, and an ER area of the received cell
when the cell 1s the BRM cell, outputs resultant signals
to said ACR calculating circuit, and outputs the cell as
received on the down line to said ER are changing
circuit;

wherein said ACR calculating circuit calculates an ACR
value of the connection of a cell to be policed and



6,084,857
17 13

passed through the cell rate supervising apparatus cor- wherein said non-conforming cell processing circuit for
responding to predetermined source operation provi- receiving the cell from said policing calculating circuit
sions provided in a “Traffic Management sends the cell to the network unit through the up line
Specification,” The ATM Form, Ver 4.0 R11 or a rate when the determined result of said rate comparing
control portion thereof, calculates the ACR value of the 5 circuit 1s a conforming cell, changes the value of the CI
connection number of the BRM cell with the CI bit, NI bit of the cell to “1”1 places a tag into the cell, and sends
bit, and ER area of the cell when the cell detected by the resultant cell to the network unit through the up line
said BRM cell detecting circuit is a BRM cell, and or discards the cell and sends a i1dle cell or the like to

the network unit through the up line when the deter-

wherein said CI bit, NI bit, and ER area changing circuit 19 mined rt—:-:sult of said rate comparing circuit 1s a non-
? ? conforming cell.

sends a cell to the down line 1n such a manner that cell 8. A cell rate supervising apparatus for use with an ABR

intervals at the time that the BRM cell was received by (Available Bit Rate) service of an ATM network, compris-
the BRM cell detecting circuit 2 are kept and that the ing:

outputs the calculated ACR value;

header potion and payload portion of the cell are not a VS/VD (Virtual Source/Virtual Destination) unit dis-
changed, overwrites the ACR value of the connection 15 posed between a user terminal unit (ES1) and a cell rate
of the BRM cell received from said ACR calculating supervising apparatus (UPC);
circuit to the ER area of the BRM cell, forcedly places a control loop A that controls a region between the user
“0” to both or either the CI bit or the NI bit, and sends terminal unit and the VS/VD unit; and
the resultant BRM cell to the source side terminal unit; a control loop B that controls a region between the VS/VD
wherein said algorithm B calculating circuit calculates a 20 unit and the network unit;
policing rate PACR value of the connection of a BRM wherein if congestion takes place in the control loop B
cell with a time signal tb of which the BRM cell 1s sent and the congestion 1s very slight, the VS/VD unit
form CI bit, NI bit, and ER area changing circuit to the absorbs the congestion, and that the congestion infor-
down line and the ACR wvalue overwritten to the ER mation 1S not sent to the user terminal unit;
area of the BRM cell, stores the policing value PACR *  wherein if the VS/VD unit places information of the CI
of the connection, reads the PACR value of the con- (Congestion Identification) bit and NI (No Increase) bit
nection from the stores PACR values, and send the of the BRM (Backward resource Management) cell of
obtained PACR value to said rate comparing; the control loop B to the CI bit and NI bit of the BRM
wherein said rate comparing circuit receives the cell from | cell to be sent to the control loop A, when the cell rate
the up line, 1dentifies the connection number with the supervising apparatus sets “0” to the CI bit and the NI
cell header of the cell, detects the cell rate of the bit and thereby the congestion mnformation of the BRM
connection with the cell intervals of the received cells cell 1s only the ER area, even if the CI bit and NI bit of
of the connection, compares the cell rate with the the BRM cell are “0,” the congestion information 1s
policing rate value PACR calculated by said algorithm only the ER area, congestion information of CI bit=1 1s
B calculating circuit, determines that the received cell not unnecessarily sent to the user terminal unit, and the
1s a conforming cell when the cell rate 1s smaller than transmission efficiently of the user terminal unit does
PACR, and determines that the received cell 1s a not deteriorate.

non-conforming cell when the cell rate 1s larger than
PACR; and £ % % k%
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